Statuary. Diabetes was induced in female rats by streptozotocin administration prior to mating. Pregnant rats were divided into "severe diabetics" (blood glucose concentration above 300mg/100ml) and "mild diabetics" (blood glucose ranging from 100 to 200 mg/100 ml). When compared to control fetuses, fetuses from severely diabetic mothers showed a slight decrease of body weight on days 20.5 and 21.5. Fetal pancreatic insulin stores and plasma insulin concentrations were decreased at 19.5, 20.5 and 21.5 days. The insulin response to glucose was impaired both in vivo and in vitro. In contrast, fetuses from mildly di~abetic females showed no change in body weight. Pancreatic and plasma insulin concentrations were increased at 19.5, 20.5 and 21.5 days. The response of the fl cells of term fetuses of mild diabetics to glucose stimulation was enhanced in vitro. These results are consistent with the hyperglycaemiahyperinsulinaemia theory with regard to the fetuses from mildly diabetic rats and with an impairment of insulin biosynthesis and release in fetuses from severely diabetic females.
The use of rats made diabetic by pancreatectomy, alloxan or streptozotocin as an animal model for human diabetic pregnancy has led to conflicting results with respect to fetal pancreatic function. Pan-* Presented at the 13th Annual Meeting of the European Association for the Study of Diabetes. Diabetologia 13, 397 (1977) creatic insulin content of fetuses from diabetic pregnant rats has commonly been reported to be decreased [1, 2, 3] or unchanged [4] compared to control fetuses. Similarly plasma insulin concentration was found to be lowered [5, 6, 7] unchanged [6] or increased [4, 7] . Part of these divergent results may be because in most studies [1, 2, 3, 5] the severity of diabetes (i. e. the magnitude of the hyperglycaemia) was not taken into account. It has long been known that mildly diabetic pregnant rats delivered young with larger birth weights than controls whereas severe diabetics delivered small or normal weight fetuses [8] . Similarly it has recently been demonstrated that morphological and ultrastructural changes in the fetal endocrine pancreas of the rat are different in mild or severe diabetes [6] .
The present study was designed to investigate the effects of either mild or severe maternal diabetes during the whole duration of pregnancy on some aspects of the development and functional maturation of the/3 cells in the rat fetus.
Materials and Methods

Animals
Virgin female Sherman rats weighing 200 to 250 g were fed ad libitum with UAR BO 3 laboratory chow. They received an intravenous injection of 30 to 50 mg/kg body weight of streptozotocin (lot NSC 85998, National Cancer Institute) under light ether anaesthesia. Four days later blood glucose concentration was measured and the females were caged overnight with a male. The following morning was day 0.5 of gestation [9] . Females were divided into "mild diabetics" (glucose ranging from 100 to 200mg/100ml) and "severe diabetics" (blood glucose above 300 rag/100 ml). No glucose values between 200 mg and 300 mg/ 100 ml were obtained. Mother rats were screened by palpation at 14.5 days of gestation. Experiments were performed on days 19.5 to 21.5 of gestation without previous fasting. 
Samples
Pregnant rats were anaesthetized by an intraperitoneal injection of pentobarbital (30 mg/kg body weight). Fetuses still connected to the mother by their umbilical cord were successively exteriorized from the uterus and blood specimens were collected with a heparinized Pasteur pipette after section of the brachial vessels. Plasma from each fetus was separated immediately and stored individually at -20 ~ until assay. Each fetus and placenta (without umbilical cord and membranes) were weighed. The pancreases of 5 fetuses per litter were dissected out, weighed individually and extracted in 2 ml of an acid-alcohol solution (ethanol 75% (v/v) distilled water 23.5% and concentrated hydrochloric acid 1.5% v/v) by ultrasonic disintegration at 4 ~ (MSE MK2 Crowley England). After centrifugation the supernatant was kept at -20~ until assay.
Disappearance Rate of lsl I Insulin
Severely diabetic or control mothers on day 21.5 of gestation were anaesthetized with pentobarbital. Fetuses were injected with 0.05 ~tCi of human 131i insulin (Centre National de Transfusion Sanguine, Orsay, France) in the vitellin vein through the uterine horn [10] . Four fetuses were injected in each litter and fetal blood was collected 20, 30, 40 and 50 min thereafter; this interval was chosen because it allowed ample time for equilibration in tissue fluids and accurate determination of the plasma radioactivity [11] . Paper chromatography on Whatmann 3MM was used to estimate the radioactivity remaining as intact 131I insulin in plasma samples [12] .
Glucose Infusion
Mother rats were anaesthetized with pentobarbital. The core temperature was maintained constant (38 ~ during the experiments by warming the mothers with an incandescent lamp. Glucose challenge was carried out on day 21.5 of gestation by a twostep administration of a 30 g/100 ml or 50 g/100 ml glucose solution into the maternal saphenous vein: 1) a loading dose of 1 ml in two min, and 2) a constant infusion of 1.2 ml over 60 min. Five fetuses were collected for blood samples during the last 10 min of glucose infusion.
Perifusion Procedure
The perifusion apparatus and the procedure were that described by others [13] . Mother rats were anaesthetized with ether. Pancreases were rapidly removed from term fetuses and sectioned in pieces of approximately 0.5 mm 3 using a MeIlvain tissue chopper. Minced tissues were placed into small chambers (5 to 10 mg in each of them) through which gassed Krebs-Ringer bicarbonate buffer containing 0.5 g/100 ml human serum albumin was pumped at a flow rate of 0.8 ml/min. A 100 rain prestimulatory period with buffer containing 40mg/100ml of glucose was followed by a 40 rain stimulatory period with glucose 250 rag/100 ml.
Assays
Blood glucose concentration was measured by a glucose oxidase method (Biochemica Test Combination, Boehringer, Mannheim). Plasma insulin levels were determined by radioimmunoassay using rat insulin as standard (21.4 U/mg; batch R 170, Novo Industry, Denmark). The assay allows the determination of 6 ~tU/ml in 20 ~tl plasma samples with a coefficient of variation of 10% [14] . Acetoacetate and/3 hydroxybutyrate were determined with a microfluorimetric technique described previously [15] .
The results are given as means • The significance of changes in the studied variables was determined by unpaired Student's t test. When the number of observations in different experimental groups was too unequal, the non parametric WilcoxonMann-Whitney rank test was employed. Exponential parameters of the disappearance curves of 131I insulin were estimated by a non-linear regression analysis using an iterative least squares method [16] .
Results
Fetal and Placental Weights
The effect of streptozotocin diabetes on fetal weights during the last three days of gestation is shown in Figure 1 . In the severe diabetes group the weights were significantly less than in the two other groups on days 20.5 and 21.5 in spite of overlap between groups. There was no significant overweight in term fetuses from mildly diabetic mothers (5.2 +0.1 g; n -= 24) when compared with the control group (5.0 +0.1g; n = 44; p > 0.05). The mean placental weight in term fetuses was greater in mild (0.66 +0.02 g; n = 24) and in severe (0.69 +0.02; n = 33) diabetic animals than in controls (0.49 +0.01 g; n = 44; p < 0.001). There was no linear correlation between fetal and placental weights and no difference in litter size in mild or severe diabetic and control groups (11.0 _+0.7, n = 6; 10.7 +0.7, n = 6; and 11.8 _+0.4, n = 8 respectively). severe or mild diabetic groups compared with the control (Table 1 ). Figure 2 shows fetal blood glucose and plasma insulin levels during the last three days of gestation. In the control group, blood glucose remained low during this period (44 _+2 rag/100 ml, n = 17 on day 19.5; and 45 _+4 mg/100 ml, n = 21 on day 20.5). Plasma insulin concentrations increased between day 19.5 (127 _+10~tU/ml, n = 17) and day 20.5 (255 _+18 gU/ml, n = 21) and remained high the following day (Table 1) . In mild diabetic animals, fetal blood glucose concentration on day 19.5 was twice as high as in controls (81 +9mg/100ml, n = 5), at that stage, the fetuses already showed marked hyperinsulinaemia (177 +21 ~tU/ml, n = 5, p < 0.05) which increased in magnitude with fetal age (377 +39 #U/ml, n = 14 on day 20.5). In contrast, fetuses from severely diabetic mothers with blood glucose concentrations averaging 400 mg/100 ml, had a significantly reduced plasma insulin level on day 19.5 (96 _+6 ~tU/ml, n = 25, p < 0.01), 20.5 (148 _+13 ~U/ml, n = 14, p < 0.001) and on day 21.5 ( a higher glucose concentration (800 mg/100 ml) did not further modify the insulin release. It was not possible to express the insulin release as a function of the pancreatic insulin content. There was a large and nonspecific insulin release during the preparation of the pieces of pancreatic tissue.
Plasma Insulin, Blood Glucose and Ketone Bodies
One disappearance curve was calculated in each experimental group; the four fetuses injected in the same litter were successively sacrificed after 20, 30, 40 and 50 minutes. There was no statistical difference in the disappearance rate (in term of comparison between the slopes) between fetuses of the severe diabetes mothers (tv2 = 24.9 +8.9 rain, n = 12 in three litters) and controls (tl/2 = 21.1 +2.2 min, n = 24 in six litters).
Fetal Response to Glucose in Vivo
The response of the pancreas to one hour of hyperglycaemia induced by glucose infusion into the mothers was studied in term fetuses in utero. Experiments were carried out so as to obtain for each group an approximately twofold increase of the fetal blood glucose. As shown in Figure 3 , one hour of hyperglycaemia in control and mildly diabetic mothers, induced a threefold and a twofold increase in the fetal plasma insulin respectively, compared with fetuses from saline-infused females. In fetuses from severely diabetic females the twofold increase of the blood glucose over a period of one hour did not induce any significant rise in plasma insulin concentration.
Pancreatic Response to Glucose in Vitro
The dynamics of insulin release obtained by in vitro perifusion of pieces of term fetal rat pancreas are shown in Figure 4 . In the control group, the passage from low to high glucose concentration induced a threefold rise in the insulin release and the response was biphasic. In basal conditions (glucose 40 rag/ 100 ml) there was no significant difference between insulin release from fetal pancreas of mildly or severely diabetic and control mothers (Table 3 ). In the mild diabetes fetuses the magnitude of the response to high glucose medium (250 rag/100 ml) was significantly higher than in controls. In the severe diabetes fetuses, the passage from low to high glucose concentration induced only a small transient rise in the insulin secretion rate over the first 10 minutes of stimulation. The stimulation of these pancreases with
Discussion
One feature of the infants of women with a mild form of diabetes is their increased birth-weight, mainly due to hypertrophy of their adipose tissue [17] . This has been attributed to hyperinsulinism which develops during fetal life in response to maternal hyperglycaemia [18, 19] . In our experiments mild diabetes did not induce a significant increase in fetal weight on day 21.5 in spite of marked fetal hyperinsulinism. This observation confirms some previous data [4, 6] but disagrees with others reporting increased weight in fetuses from mildly diabetic pregnant rats [8, 20, review in 9] . The reasons for this discrepancy remain unclear; the short duration of pregnancy in the rat and the poor development of adipose tissue in term fetuses (approximately 1%) compared to that of human babies (averaging 16%) could account for the difference between rats and humans. In contrast growth retardation is reported in infants of women with longstanding and complicated diabetes [21] . In severely diabetic rats the fetal growth retardation observed by us and others [6, 22, 23] may be due to decreased basal plasma insulin levels [5, 6 and Fig. 2 ) associated with an impairment of the response of the fi cells to glucose (Fig. 4) . Maternal hyperketonaemia as an explanation for reduced fetal weight seems unlikely since at term the blood concentration of ketone bodies in the severely diabetic rats was not different from those in the controls (Table 1) . However other alteration of the nutritional environment or in the placental transfer of substrates cannot be excluded. The infants of diabetic women show hyperplasia and a hypertrophy of their islets of Langerhans [24, 25] together with increased pancreatic insulin content [25, 26] . In the rat similar morphological changes have been demonstrated in fetuses from mildly diabetic females [6] while fl cells of fetuses from severely diabetic mothers are degranulated [6, 27] or possibly ungranulated. The high and low pancreatic insulin content we observed in fetuses of mild and severe diabetic mothers, corroborate these histological data and the recent findings that insulin biosynthesis was increased in mild and reduced in severe diabetic fetuses [28] . The "deleterious" effects of high glucose concentrations on the pan-creatic insulin content have been observed when fetal pancreases were grown in organ culture with high glucose-containing media [29] .
Mild maternal diabetes enhances the blood glucose level in the fetuses, which in turn develop marked hyperinsulinism; this is conspicuous already on day 19.5; earlier stages were not studied. This confirms previous studies in the rat [4, 6] and is consistent with the hyperglycaemia-hyperinsulinaemia theory proposed for the infants of diabetic women [18, 29] . The decreased plasma insulin concentration of the severe diabetic fetuses [5, 6, 7] cannot be explained by an increase in the turnover rate of insulin in blood since the disappearance curves of 131 insulin in vivo and the insulin secretion rate in vitro were not significantly different from control fetuses.
The ability of the term rat fetus to increase its plasma insulin concentration in vivo in response to glucose agrees with previous report [30, 31, 32] . Our present data confirm that in vitro glucose induces a clear biphasic insulin release by pieces of term fetal pancreas during a 40 minute stimulation [33] as shown in vivo [32] . The pancreas of the fetuses from mildly diabetic rats responded in vivo to the one hour of hyperglycaemia with an increase in plasma insulin in spite of a high basal plasma insulin and also displayed in vitro an enhanced response to glucose. This suggests an incrsased sensitivity of the fetal pancreas to this stimulus. In contrast the pancreases of the fetuses from severely diabetic rats failed to respond in vivo to a one hour glucose load and in vitro were almost unresponsive to glucose. Insensitivity rather than a shift of the glucose-insulin dose-response curve is suggested since in vitro a very high glucose concentration (800mg/100ml) failed to increase further the insulin secretion rate. It is not yet possible from our results to assess the reason for this impaired sensitivity to glucose. The presumed low pancreatic insulin content, as well as possible alterations of glucose metabolism in the/3 cells, may be candidates.
